The neural and cognitive mechanisms of spatial working memory are tightly coupled with the 4 systems that control eye-movements but the precise nature of this coupling is not well understood. 5
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Introduction 24
Visuospatial short term memory (VSTM) is the ability to recall and manipulate information 25 about the locations of objects in space. This function is essential for a range of everyday tasks, such 26 as remembering or giving directions, or deciding if your car will fit into a small space. The cognitive 27 processes involved in visuospatial working memory have been extensively studied, and it is clear 28 that VSWM is tightly coupled with the neural and cognitive processes involved in visuospatial 29 The neurophysiological and behavioural evidence therefore points towards a close coupling 89 between visuospatial memory, visuospatial attention and oculomotor control. However, because 90 eye-movements necessarily engage covert attention, and covert attention might engage the 91 oculomotor system, the specific contribution of the oculomotor system to visuospatial working 92 memory remains unclear. Neuropsychological studies of patients with oculomotor deficits have the 93 potential to tease apart these relationships. Indeed, neuropsychology has played a critically 94 important role in shaping the debates surrounding the role of the oculomotor system in spatial 95 attention (see (Smith & Schenk, 2012) . Despite this rich potential, there are many fewer patient 96 studies of the role of the oculomotor system in spatial working memory, and none that explicitly test 97 the functional role of the oculomotor system in spatial STM. 98 consecutive items in a sequence. After presentation of the final item, the placeholder array 158 disappeared and participants maintained fixation for 5s. The array then reappeared and participants 159 were required to touch the placeholders in the order in which the items had been presented, using a 160 stylus. On some trials participants accidentally pressed the screen or made an inaccurate pointing 161 movement (i.e. they aimed at the correct location but landed outside the target area). In these cases 162 the trial was repeated with the same number of items, but in a different configuration. The 163 experimenter initiated each trial with a button press. The procedure is illustrated in Figure 1 . There 164 were 3 trials at each level of difficulty. If at least 2 of the three sequences were correctly recalled an 165 additional item was added to the sequence and the participant did 3 more trials. The task ended 166 when participants made a mistake on two or more trials. Span was measured 3 times for each array 167 orientation. Participants were instructed to maintain fixation on the central fixation point during 168 each trial. We calculated the patients span by taking the average of the 3 memory spans at each 169 orientation. Horizontal and vertical spans were assessed in blocks. The order of presentation was 170 counterbalanced across participants. 171 All patients presented with supranuclear ophthalmoplegia that was more severe for vertical 178 than horizontal saccadic eye-movements (this is a key diagnostic criteria for PSP and was established 179 by Dr Archibald during clinical examination). The extent of the ophthalmoplegia was more formally 180 assessed with saccadometry in 7/8 patients. Vertical eye-movements were absent in all participants 181 with PSP. Horizontal eye-movements were present in all patients, but the main sequence was 182 abnormal for left and/or rightwards saccades in 6/7 patients. The horizontal oculomotor range as 183 was also restricted in 6/7 patients. Table 1 shows the oculomotor ranges of the 7 participants in the 184 PSP group for whom saccadometric data were available. A paired t-test indicated that the restriction 185 M A N U S C R I P T We observed a significant impairment of spatial STM for stimuli presented along the 216 vertically axis relative to the horizontal axis. In contrast, there was no horizontal/vertical asymmetry 217 in a group of age-matched controls. These data suggest that the oculomotor system plays a pivotal 218 role in the maintenance of spatial short-term memory, as the inability to make vertical eye-219 M A N U S C R I P T
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11 movements was associated with a significant reduction in span length for vertically aligned spatial 220
sequences. 221
One straightforward interpretation of these data is that performance was impaired along 222 the vertical but not horizontal axes because the patients with PSP were unable to implement an 223 overt rehearsal strategy due to their ophthalmoplegia. However, the claim that overt rehearsal 224 outperforms covert rehearsal of spatial sequences is contentious. While there is some evidence that 225 overt rehearsal actively benefits recall when the maintenance phase lasts several seconds (Tremblay, To summarize, we examined the role of the oculomotor system in spatial working memory 288 using patients with a deficit of vertical eye-movements but relatively spared horizontal eye-289 movements. The PSP group had significantly reduced spatial memory spans, and this impairment 290 primarily affected memoranda presented on the vertical but not the horizontal axis. These data are 291 clear evidence of a neuropsychological association between oculomotor control and spatial memory 292 and are consistent with the idea that activation of oculomotor system plays a key role in the 293 maintenance of spatial working memory by contributing to the maintenance of activation in the 294 priority map. 
